Confluent monolayers of WI-38 human diploid fibroblasts can be stimulated to divide by fresh medium containing 30% fetal-calf serum. Up to 80% of the cells are stimulated to divide, with a peak of DNA synthesis between 15 and 21 hr. 1 hr after the change of medium there is a 70% rise in chromatin template activity. Cycloheximide inhibited the increase in chromatin template activity. A requirement for RNA synthesis was investigated by incubating stimulated and unstimulated cells with 10 ug/ml of actinomycin D. In spite of a 95% inhibition of RNA synthesis in whole cells, purified chromatin from stimulated cells showed the usual increase in template activity. These experiments implicate a requirement for protein synthesis in template activation, and imply that the synthesis of this (or these) protein(s) is independent of RNA synthesis and regulated by a purely translational mechanism.
When human diploid fibroblasts in cell culture form confluent monolayers, DNA synthesis and cell division almost completely cease (1) (2) (3) (4) , and more than 99% of the cells can be considered to be in a quiescent state. If the medium is changed or new serum is added, these density-inhibited cultures can be stimulated to proliferate again, with a lag period of about 12-15 hr between the application of the stimulus and the onset of DNA synthesis (2) (3) (4) (5) . Several biochemical changes have been described during the prereplicative phase preceding the onset of DNA synthesis, namely: a rapid decrease in the intracellular pool size of most amino acids, which occurs in the first 2-3 hr after stimulation (3) ; an increase in the uptake of ['HJuridine and its incorporation into RNA (3, 5) ; an increased synthesis of acidic nuclear proteins, which occurs as early as the first hour after stimulation (4) ; and an increase in template activity of isolated chromatin, which begins as early as 1 hr after stimulation, remains elevated for another 10 hr, and increases further at 12 hr (5). In the last-mentioned experiment, template activity was measured in an in vitro system that used chromatin isolated from either stimulated or unstimulated cells and exogenous Escherichia coli RNA polymerase. The results were interpreted as indicating that, shortly after the cells are stimulated to proliferate, there is activation of the genome (5) .
Genome activation as one of the early events in the prereplicative phase of stimulated DNA synthesis and cell division has been shown directly or indirectly in several systems (5) (6) (7) (8) (9) (10) , but the mechanisms regulating such activation have not been identified. It has been suggested that gene function in mammalian cells may be regulated by proteins, either through de novo synthesis or structural modifications (11) (12) (13) (14) (15) or by low-molecular-weight nuclear RNA (16, 17 (18) . De novo synthesis of acidic nuclear proteins has been recently proposed as the mechanism for gene activation in some Go cells stimulated to synthesize DNA and divide, specifically, the estrogen-stimulated uterine cells (19) , the isoproterenolstimulated salivary gland cells (20) , and the WI-38 human diploid fibroblasts stimulated by a change of medium (4) .
In the present communication we show that protein synthesis is required for the increase in template activity of chromatin occurring 1 hr after WI-38 human diploid fibroblasts are stimulated to proliferate by a change of medium, and that this increase does not require RNA synthesis.
MATERIALS AND METHODS
Cell culture WI-38 human diploid fibroblasts, purchased from Flow Laboratories (Rockville, Md.), were grown as described previously (3, 4) in 1-liter Blake bottles. Confluent monolayers of cells, usually on the seventh day after plating and with fewer than 1% of the cells in DNA synthesis, were stimulated to proliferate by replacing the old medium with fresh medium containing 30% fetal-calf serum (5) . Under these conditions up to 80% of the contact-inhibited WI-38 cells can be stimulated to synthesize DNA and divide. In some experiments the cells were "pulse-stimulated" for 3 hr only, that is, the conditioned medium was replaced with fresh medium containing '.ko% fetal calf serum for 3 hr and then the fresh medium was, in turn, replaced by conditioned medium supplemented with 2 mM iglutamine. Under these conditions of "pulse stimulation" some 20-30% of contact-inhibited WI-38 fibroblasts are stimulated to proliferate. (25) . RNA synthesis was investigated by incubating cells for 30 min in the presence of 1 ,Ci/ml of [5-8H ] uridine. The specific activity of RNA was determined by the method of Scott et al. (26) .
Radioactivity in the various fractions was determined by counting 1 ml in a Triton-toluene mixture (27) . Chromatin proteins were fractionated in a histone fraction and in three acidic fractions (soluble in 0.15 M NaCl, soluble in 0.35 M NaCl, and insoluble in acid), as described by Stein and Baserga (28 Confluent WI-38 cells were stimulated to proliferate by the addition of fresh medium containing 30% fetal-calf serum for 3 hr, with or without cycloheximide (5 pg/ml). The cells were incubated for another 3 hr in exhausted medium and then stimulated again with fresh medium containing 10% serum. 21 Fig. 1 also shows the effect that the same concentrations of cycloheximide have on stimulation of DNA synthesis. For these experiments, cycloheximide was added to the cells for 3 hr, during a pulse stimulation of confluent monolayers with fresh medium containing 30% serum. Cycloheximide and stimulating medium were then removed and replaced with conditioned medium and the stimulation of DNA synthesis was measured as described in Fig. 1 (4, 19, 20, 28) . in some cases, as for instance the activation of the genome that leads to DNA synthesis and cell division, it may require the synthesis of special proteins, while in other cases it requires the inhibition of the synthesis of proteins that ordinarily repress the genome.
The experiments with elevated doses of actinomycin D show that an almost complete inhibition of RNA synthesis does not affect the increase in template activity of chromatin 1 hr after stimulation of cell proliferation. This same phenomenon has been observed in vivo in kidneys of mice stimulated to synthesize DNA by administration of folic acid (J. Paul, personal communication).
These results lead to two conclusions: (a) RNA molecules newly synthesized on a DNA template do not regulate the early increase in template activity of cells stimulated to proliferate, and (b) DNA-dependent RNA synthesis is not necessary for the synthesis of those proteins required for the increase in template activity, which suggest that the stimulating factor(s) for DNA synthesis acts on cells at a post-transcriptional level, triggering the synthesis of gene regulator proteins from previously formed messages. This is in agreement with the observations of Stein and Baserga (20) , who have shown that the increase in nuclear acidic protein synthesis occurring in parotid glands of mice 1 hr after treatment with isoproterenol is insensitive to actinomycin D.
